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ABSTRACT 



A CAD/CAM unit data generating process which al- 
lows machining control data to be generated efficiently, 
and independently of the sequence of shape definition. 
Machining sequence information is derived from shape 
defining information and machining information gener- 
ated in correspondence with machining conditions. The 
machining sequence information is rearranged in accor- 
. dance with selected conditions for rearranging the ma- 
chining sequence information, such as machining type, 
height priority, tool sequence, and other operator in- 
puts. The results are stored for future access. 

13 Claims, 10 Drawing Sheets 
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_ cally, the shape information has been entered by the 

CAD/CAM UNIT DATA GENERATING operator in order of shape a, shape b and shape c, and 

APPARATUS AND PROCESS the machining information also has been input in the 

RArvrDnTTxm r\r? tot- t^.,t^t™v, order *» b » c * The machining information is arranged to 

BACKGROUND OF THE INVENTION 5 have a direct correspondent to its respective shaje. As 

1. Field of the Invention seen in the Figure, it is linked to the shape information 

The present invention relates to a CAD/CAM unit and is arranged in a list structure in the same order. In 

data generating process which allows data for efficient this manner, geometric information such as the coordi- 

machuning to be generated independently of a shape ^ nate values, depths, etc of each shape is stored in the 

\ nl^^t^^u l. ^ shape information memory 7, and tool names, feedrates, 

2L Descnptton of fce Background etc, employed for the inachining of each shape are cor- 

FIG. 9 is a block diagram illustrating the confisnira- _ J- i ^ ^^wiwwuMia^oicwj 

tion of a CAD/CAM Zt ^o^^icm n^Zx ^dmgly stored m the machining information mem- 

has an input device 1, comprising one or more of a 0r L" . f . ' . . . r 

keyboard 2, a mouse 3 and a tablet 4, that is employed 15 T hc u ^ 0I ? natl0n m ^P* ^formation memory 7 
for entering shape information (eg., round, square, md machuun 8 information memory S is then analyzed 
height etc.), character information, etc. A shape defin- by P 100 ^ analyzer 11, sequentially. At this time, 
ing section 5 is used for converting the entered shape retrieval is made in accordance with the list structure 
information into data corresponding to an internal stor- 811(1 therefore the information is analyzed in order of 
age format. A machining defining section 6 is where 20 shape a. shape b and shape c. The analysis identifies 
inachining information, used for starting and finishing a relative heights, sizes and geometries of the several 
shape in correspondence with the entered shape infor- shapes and may prioritize or weight the several shapes, 
mation, is generated in response to character infonna- A machining path is then determined by the NC 
tion from input device 1. A shape information memory information generator 12 in accordance with the analy- 
7 is used for storing the output of the shape defining 25 s is results of the process analyzer 11. The selected ma- 
section. A machining information memory 8 is used for chining path is written to the NC date file 13 in the 
storing the output of the machining defining section 6. sequence from shape a to shape c The data defining the 
A process analyzer 11 sequentially analyzes the shape selected machining path may be processed by the ma- 
mfomiatjon and machining mformation output by the path for *^ a P of ^ 
shape information memory 7 and machining infonna- 30 . . . * *V rt „ i« 
tion memory 8, respectively. The analyzer 11 then de- ™* P * ^TA^.w . , 
termines how the workpiece is to be machined. A NC 10 *** cm ^ Sma CAD/CAM unit data generating 
information generator 12 decides upon an appropriate process ca f ned out M dcscnbcd above » machining 
machining path in accordance with the information sequence ls 861 according to the shape defining se- 
analyzed by the process analyzer 11 and generates NC 35 Q ucnce - However, in practice, shapes alone cannot de- 
control data. A NC data file 13 is used for storing the Ermine the inachining sequence, particularly where the 
NC data generated by the NC information generator 12. shapes are complex. To carry out efficient machining, 
A machining path display 14, that performs display shapes often are defined after the machining sequence 
processing of the NC data, is also operative to control has been examined in detail. Because of this interrela- 
the display on a CRT 15 of the machining path. 40 tionship between the shape and machining sequence, a 
Operation of the conventional CAD/CAM unit will significant amount of time is required for the generation 
now be described. First, an operator controls the key- of NC data, thus resulting in an inefficient operation, 
board .2, mouse 3 and tablet 4 of the input device 1 to Moreover, when the shapes are complex, or closely 
enter shape information (geometric information such as similar in size or contour, errors can occur such that the 
coordinate values, depths, heights, etc). The input shape 45 pr0 per order of machining is not followed, e.g., the 
mformation is converted into data corresponding to an highest po mt m a work p iccc & not machined last 

SS'SLSWiS^ C dCfming ^u 5 ' * * ~*Wly. object of the prSin^ention 
then stored in the shape information memory 7. At this *w-^i:JL * • *u «• «««mi 

time, the shape information is arranged on the basis of ? OVCrc0 5 lc ^V^T^P m t ? e convcntlonal mt 

one or moremchining units. ^^SSmS^m 50 ? *TJV ^Z?™ "* ^^.P^ 

required for a single snipe, they are stored in a shape f™ S to ^generated efficiently, inde- 

defining sequence ^ pendently of the sequence of shape definition. 

Information concerning the machini n g conditions SUMMARY OF THE INVENTION 

(information such as tool names and feed rates) for each A rAn/rAU . _ 

machining unit for a shape, as described previously, also 55 <- AD/CAM unit data generating process con- 
is entered from the input device 1 by the operator. The ccmed ^ P rescnt invention comprises a first step, 
entered inachining information is converted into data of extracting predetermined information from (i) shape 
corresponding to the internal storage format by the information generated in correspondence with shapes 
machining defining section 6, then stored in the machin- defined on a inachining unit basis and (h) machining 
ing information memory 8 on a machining unit basis and 60 Information generated in correspondence with machin- 
in a shape defining sequence. ing conditions defined on a shape information basis and 
The information is stored in the shape information organizing the extracted information as machining se- 
memory 7 and machining information memory 8 in the quence information in a predefined sequence. In a sec- 
manner shown in FIG. 10. That Figure illustrates the ond step, the conditions for rearranging the machining 
organization and sequence for storing shape infonna- 65 sequence information are set The next step involves 
tion and machining information so that NC information rearranging the machining sequence information in 
corresponding to the three-step pocket machining, illus- accordance with the set conditions. In the final step, the 
trated in FIG. 11, can be effectively generated. Specifi- rearranged machining sequence information is stored. 
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nn ,T-,~ ^^o^«.«^w^, „^t^o This operation may be described in reference to FIG. 

BRIEF DESCRIPTION OF THE DRAWINGS 3 show £g a workpiece to be machined, wherein a 

FIG. 1 is a block diagram illustrating the configure- three-step pocket is to be dug and four holes are to be 
tion of a CAD/CAM unit according to an embodiment provided around the pocket* When this workpiece ge- 
of the present invention. 5 ometry is being defined in accordance with the proce- 

FIG. 2 is a flowchart illustrating a data generating dure* the shape information is generated and stored in 
process of the CAD/GAM unit according to an em- the shape information memory 7 as shape units 20, in a 
bodiment of the present invention. configuration and sequence as shown in FIG. 4. Each 

FIG. 3 shows a path of shape machining according to shape unit is defined by data comprising the geometric 
an embodiment of the present invention. 10 form of a shape, coordinates where it exists, etc In FIG. 

FIG. 4 illustrates information stored in a shape infor- 4, four shape units, ZONE0000, ZONE0001, ZO- 
mation memory and a machining information memory NE0002 and HOLE0000 have been generated for the 
according to an embodiment of the present invention. workpiece. The four holes are represented by one unit 

FIG. 5 shows machining sequence information gener- The machining information memory 8 also stores 
ated in order of definition according to an embodiment 15 information in a configuration as shown in FIG. 4. In- 
of the present invention. eluded are machining units 21, assembled in a list struc- 

FIG. 6 shows process development conditions ac- ture and comprising information representing a defined 
cording to an embodiment of the present invention. machining sequence for a shape, and process units 22, 

FIG. 7 is a flowchart illustrating a method of rear- . comprising information such as whether the machining 
ranging the machining sequence information according 20 process is for roughing or finishing, the names of tools 
to an embodiment of the present invention. used, tool numbers, machining path generating meth- 

FIG. 8 shows machining sequence information rear- ods, etc. The combination of a machining unit 21 and 
ranged in accordance with the process development process unit 22 represents the steps required for finish- 
conditions according to an embodiment of the present ing one shape using a plurality of machining processes, 
invention. 25 As shown in FIG. 4, among the shape information 

FIG. 9 is a block diagram illustrating the configura- and rnachining information stored in the shape informa- 
tion of a CAD/CAM unit known in the art tion memory 7 and machining information memory 8 

FIG. 10 illustrates information stored in the conven- are certain predetermined categories of information 
tional shape information memory and machining infor- important to the machining sequence, Le., process units 
mation memory. 30 22. This information is assembled in memory 8 in the 

FIGS. 11A and 11B show a machined shape. predefined sequence established when the shape infor- 

*^~r^ n *~^T^, ™ *rrr~ w^—— mation was entered into memory 7. Certain information 
DESCRIPTION OF TIffiPREFERRED such as a rnachining type (shift! contour, drill, etc.), a 

EMBODIMENTS zone or a hole> roug hi n g or finishing, tool numbers and 

An embodiment of the present invention will now be 35 names, etc., are extracted in order from the process 
described in reference to the drawings. In FIG. 1, a units 22 by information extraction section 9b. Further, 
condition storage 9a is used for storing the conditions extraction section 9b also extracts in order shape coordi- 
for rearranging in any desired order the information nates from the shape units 20. As a result, the machining 
stored in the shape information memory 7 and machin- sequence information is assembled according to such 
ing information memory 8. The conditions may be en- 40 data, and the results are stored in the machining se- 
tered by an operator through the input device 1. A quence information memory 10a. The generated and 
process developing section 10b is used for rearranging stored results are accessed by information display pro- 
in a desired order the information stored in the shape cessing section 10c and are displayed on the CRT 15 
information memory 7 and machining information screen as shown in FIG. 5. In this case, the process units 
memory 8 in accordance with the conditions stored in 45 22 are assembled along the vertical axis direction in a 
the condition storage 9a. The information in shape in- sequence which is the predefined order of machining, 
formation memory 7 and machining information mem- This display is of parameters before development, as 
ory 8 is extracted and stored in a machining sequence later explained. 

information memory for access and rearrangement by As is shown in step S6, certain predetermined infor- 
process developing section 106. The machining se- 50 mation, i.e., process unit 22, are assembled in a sequence 
quence information memory 10a also is used for storing defined on the basis of shape and machining information 
the information rearranged by the process developing stored in shape information memory 7 and inachining 
section 10b. The rearranged information is accessed by information memory 8. This definition sequence infor- 
the process analyzer 11, and the information display mation is based solely on the input shape and machining 
processing section 10c The reference characters in 55 information as seen in the conventional process. At the 
FIG. 10, which are identical to those in FIG. 9 illustrat- same time, machining type, i.e., zone or hole, roughing 
ing the conventional apparatus, indicate like or corre- or finishing, tool number to be used or tool name, is 
sponding parts and therefore will not be described extracted from process units 22 and shape coordinates 
herein. are extracted from shape units 20. Machining sequence 

Operation will now be described in accordance with 60 information is created on the basis of the process unit 22 
a flowchart in FIG. 2. As shown in steps SI to S5, for information and the results are stored in machining 
each shape in a workpiece, the corresponding shape sequence information memory 10a. 
information and machining information, defined and Conditions for deciding the actual niachining se- 
generated using a conventional procedure, are input quence, namely process developing conditions, are then 
and their results are respectively stored in the shape 65 entered by the operator from the input device 1 as 
information memory 7 and machining sequence mem- shown in step S7. The process developing conditions 
ory 8. The input and storage process is conducted for all are generated based on the machining sequence infor- 
shapes relevant to the workpiece. mation generated as described above and displayed to 
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the operator. FIG. 6 shows an interactive screen dis- spondence with the hole/zone priority, and in a se- 
played on the CRT 15 screen for entering the process quence as shown in FIG. 8. 

developing conditions. When the machining sequence is Whether z height development is required or not is 
to be set, for example, in an order so that hole machin- then determined in step S24. Since the corresponding 
ing is followed by zone machining, "Hole priority" is 5 process development condition has been set to ON as 
specified. Also, where m a chinin g is to progress from shown in FIG. 6, that development is determined to be 
roughing to finishing, the selection is turned "ON**. required and the operation progresses to step S25. 
Where machining in the Z height direction is to be The z height development is then executed as shown 
carried out in the order of higher values, the selection is in step S25. Since the higher value of the z height is 
turned 44 ON". Further, where all portions using the 10 defined as having a higher priority, 0 (unit: mm) is first 
same tool are to be machined at one time in order to provided for the center lapping, drilling and spot facing 
minimize tool changing operations, the selection is of hole machining as the inachining sequence informa- 
turned "ON". Alternatively, the tool developing condi- tion, the inachining sequence information on roughing, 
tion of zone/hole development may be set to zone prior- intermediate machining and finishing of zone machining 
ity, and the tool developing conditions of only finishing 15 is rearranged in order of 0, —10 and — 15 (unit: mm), 
development may be set Finally, the Z height develop- and the information is stored into the inachining se- 
ment and tool rising sequence development may be quence memory 10 in a sequence as shown in FIG. 8. 
turned OFF, if desired. When hole machining has been Whether tool rising sequence development is re- 
specified in memory 7, as seen in FIG. 4, if the process quired or not is then determined in step S26. Since the 
development conditions for roughmg/finishing devel- 20 corresponding process development condition has been 
opment are set to ON, as seen in FIG. 6, the information set to ON as shown in FIG. 6, that development is 
for center lapping, drilling and spot facing are automati- determined to be required and the operation proceeds to 
cally set as process units 22. The conditions set by the step S27. 

operator as described above are stored into the condi- The tool rising sequence development is then exe- 
tion storage 9a 25 cuted as shown in step S27. Since the use of common 

The inachining sequence information that has been tools for roughing, intermediate machining and finish- 
stored in machining sequence information memory 10a ing has priority, the niachining sequence information is 
is then accessed and rearranged by the process develop- first rearranged in order of tool number (hereinafter 
ing section 106 in accordance with the process develop- referred to as the 'T number") 7 for center lapping and 
ing conditions stored in the condition storage 9a, as 30 drilling of hole machining, T number 9 for spot facing, 
shown in step S8. This operation will now be described T number 11 for roughing of zone machining, T number 
in detail in reference to a flowchart shown in FIG. 7. A 10 for intermediate machining, and T number 9 for 
comparison of the content of FIGS. 5 and 8 would be finishing. The information is then stored into the ma- 
useful in order to follow the flow chart as it proceeds chining sequence information memory 10a in a se- 
with the "development" of a desired machining se- 35 quence as shown in FIG. 8, and this state is displayed on 
quence. the CRT 15 screen so that the operator can check the 

First, whether zone/hole development is required or results, 
not is determined in step S20. Since the corresponding If the development operation is not necessary in any 
process development condition has already been set to one of steps S20, S22, S24 and S26, the execution may 
hole priority as shown in FIG. 6, that development is 40 be transferred to the next corresponding development 
determined to be required and the operation moves to operation or the series of operations may be terminated, 
step S21. If necessary, the machining sequence information 

The zone/hole development is then made as shown in may then be corrected by the operator as shown in step 
step S21. Since the process development condition has S9. Since the machining sequence information is rear- 
been set to hole priority as shown in FIG. 6, hole ma- 45 ranged in accordance with the process developing con- 
chining has priority. Accordingly, as seen in a compari* ditions as described above, the niachining sequence 
son of FIGS. 5 and 8, the shape unit HOLE0000 is information can be corrected easily by changing the 
re-arranged as the first niachining sequence informa- necessary process developing conditions while simulta- 
tion, zone machining is then re-arranged as machining neously checking the information displayed on the CRT 
sequence information in order of the shape units ZO- 50 15 screen, as shown in FIGS. 6 and 8. 
NE0000, ZONE0001, ZONE0002, and the information The machining sequence information stored in the 
is stored in the machining sequence information mem- machining sequence information memory 10a is then 
ory 10. The developed machining sequence now is as read to the process analyzer 11 and the information 
Rho ^ n f? FIG - therein is analyzed sequentially as shown in step S10. 

Whether roughing/finishing development is required 55 The machining sequence information also is accessed 
or not is then determined in step S22. Since the corre- directly by the information display processing section 
sponding process developing condition has been set to so that the content of the stored information can be 
ON as shown in FIG. 6, that development is determined displayed, as in FIGS. 5, 6 and 8. 
to be required and the operation moves on to step S23. As in the conventional device, the machining path is 

The roughmg/finishing development is then per- 60 then determined by the NC information generator 12 in 
formed as shown in step S23. Roughing is defined as accordance with the analysis results of the process ana- 
having the highest priority. Accordingly, the machin- lyzer 11, as shown in steps Sll and S12. Then, the re- 
lng sequence information on hole niachining is arranged suits are written to the NC data file 13, and processing 
in order of center lapping, drilling and spot facing. for displaying the decided niachining path on the CRT 
Also, the machining sequence information on zone ma- 65 15 screen is performed by the machining display 14. 
chining is rearranged in order of roughing, intermediate Throughout the above described processes, the oper- 
machining, finishing. This information is stored in the ator can decide the machining sequence in the stage of 
machining sequence information memory 10 in corre- shape definition without any particular consideration 
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thereof and avoid inefficiency, e,g.» unnecessary repeti- information is generated in correspondence with ma- 

tion of tool changes. Moreover, when there are a plural- chining conditions defined on a shape information basis, 

ity shapes to be defined for a workpiece, the advantages 3. The method of claim 1, wherein said rearranging 

of the present invention will increase. In addition, if the step comprises a consideration of process developing 

machining sequence has been changed by the operator 5 conditions comprising at least one of zone priority, 

in step S9 and a wrong process developing condition rough/finish priority, Z-height priority, tool rising pri- 

has been given by correcting the displayed machining oritv common tool priority, 

sequence information in step S8, the error is easily cor- 4 - ^ method of claim 1, further comprising the 

rected. The original shape definition information is kept _ steps of: . e ^ . . . . - 

stored in the machining information memory 8 and, 10 m P uttm S sh *t* information and machining informa- 

once the error is recognized, the proper machining ^9°* 80 . , . . , . . . - 

sequence information canbeprovided easily be execut- shape information and machining information 

ing steps from S6 onward. m at least one memory; 

. « _ . . . ... , wherein said input and storage steps are conducted 

Clearly the process developing conditions shown m forall shap es relevant to a workjiece. 

FIG. 6 in this preferred embodiment may be changed to 5 ^ metho 7 of claim whe mn said shape infor- 

other conditions m order to produce the same effect as b stored „ shape ^ defined by at least one of 

that embodiment the geometric form ofa shape and coordinates where it 

It will be apparent that the mventoon, as described exists, 

above, achieves a CAD/CAM unit data generating 2 o 6, The method of claim 5, wherein said machining 

process which allows data to be generated efficiently, information is stored as machining units defined by at 

and independently of the sequence of shape definition. least a defined machining sequence for a shape assem- 

This result is possible because predetermined informa- bled in a list structure. 

tion is extracted from shape information generated in 7. The method of claim 6, wherein said shape units 

correspondence with shapes defined on a machining 25 and corresponding machining units also have corre- 

unit basis and machining information generated in cor- sponding thereto process units comprising at least one 

respondence with machining conditions defined on a of machining type, tool identification, finish type and 

shape information basis, the extracted information is shape type. 

generated as machining sequence information in said 8. The method of claim 1, wherein said extracted 

defined sequence, the machining sequence information 30 information comprises at least machining type and 

is rearranged in accordance with the conditions of rear- shape coordinate information. 

ranging the machining sequence information, and the 9. A CAD/CAM unit for automatically generating 

results are stored. machining data comprising: 

The entire disclosure of each and every foreign pa- first means for storing shape and machining informa* 

tent application from which the benefit of foreign prior- 35 ^on; 

ity has been claimed in the present application is incor- means for extracting from said storing means prede- 

porated herein by reference, as if fully set forth. termined information from said stored shape infor- 

Although this invention has been described in at least mation and machining information and organizing 

one preferred form with a certain degree of particular- ^ extracted information as machining sequence 

ity, it is to be understood that the present disclosure of 40 information in a predefined sequence; 

the preferred embodiment has been made only by way me ^ ns . for scttm S C0nd r ltl0ns for rearranging said ma- 

of example and that numerous changes in the details and cnmm « sequence information; 

arrangement of components may be made without de- mean * for ,«*™^S *aid .^chining sequence infor- 

parting from the spirit and scope of the invention as M m ^dance with said set conditions; and 

hereinafter claimed 45 second means for storing said rearranged machining 

What is claimed is: sequence information 

i a rA T\/rAU a . *■ 10 - Tn e apparatus of claim 9, further comprising 

rLI £ / r generating process com- means for g/^g ^ information in coupon 

P 8 e sle P s ot. dence with shapes defined on a machining unit basis and 
extracting predetermined information from shape „ mchining information generated in correspondence 

information and machining information; with machining conditions defined on a shape informa- 

generatmg said extracted information as machining tion 

sequence information in a defined sequence; H. The apparatus of claim 9, wherein said second 

setting conditions for rearranging said machining means for storing is operative to store shape units and 

sequence information; 55 corresponding machining units and process units, 

rearranging said mactdning sequence information in 12. The apparatus of claim 11, further comprising 

accordance with said set conditions; and means for displaying said machining sequence informa- 

storing said rearranged machining sequence informa- tion. 

ti°n- 13. The apparatus of claim 12, further comprising 

2. The method of claim 1, wherein said shape infor- 60 means for generating machining control information on 

mation is generated in correspondence with shapes the basis of said machining sequence information, 

defined on a machining unit basis and said machining * * * * * 

65 
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